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A   &\

XZY\^~m^Uuvh\iolmunw(lmY\^±r\~v^Uªfeonqhuuv^U{lvegnsp4uzY\n"£SlmYj"lZlmY\^4.½Nnf^¤îp{ªºum{Y\^U]b^r\~m^Uuv^<~mªs^jsp0ekuznqigjwlv^ x {nqpqljs{l x ekum{nsp:lmeopfh\eoly
jsp x lmYj"llvY\^Zªq^<ignf{<e¯lyjsp x lmY\^r~v^Iuvuvh\~m^¦]1h,ulKulj·y{nsp,uljwp:legplmY\eguN{Ujsuv^s¨Èh\]_^<~meg{Ujwif^|tr^<~meo]_^UpqlN{nqptµ~m] lvYjwllmY\egueku
egp x ^U^ x lmY\^¦{<jquz^  ) 	   j"lªs^<~myign"£«js{Ypfh\]¢,^U~U¨(XZYeguuz^U^<]
u(uvh\~mr\~vekuveop\Z¢^U{Ujwhuv^KlvY^r\~m^<ªfeonqhu¡r\~mnfnwfegu(eop x ^<r^<p x ^<p:l
ns¦lvY^_jq{YWpfh\]¢,^U~U¨n"£^Uªs^<~I­,lvY\ekur\~mn:ns¦jsumuzh]b^IulvYjwllmY\^
{ns]_r\h\lmj"lmeonqpu±jw~m^ x nqp\^1£eolvY  )   js~veolvY\]_^<lvek{w¨ÆÇp
r\~js{lvek{^q­lmY\ekuekup\nwllvY\^4{<jsuv^0jsp x ~mnsh\p x ¤Gns¹§^<~m~mns~ur,^U~zlmh\~m¢j"lm^
lvY\^{nq]_r\htlmjwlvegnspuU¨W {ignquv^º^|\js]begpjwlvegnsp«nwlmY\^








jwigi(~jwp x ns] r,^U~zlmh\~v¢,j"lvegnsp,u<¨XZY\ekuuv^U{<nsp x
pfh\]_^<~mek{<jwi,uv{Y\^U]_^huv^Uu]_nq~v^Y\^Ij·ªfeoigylmY\^]
j"lmY\^<]
j"lmeg{Ujwiulm~vh{lvh\~m^nw>lmY\^~m^ x h,{^ x uvytulm^<]¨NÆîl{<jsp
¢,^hp x ^<~uzlvnfn x jsu







^I¬qh,j"lvegnsp,u¦uzlmjw~vlvegp\nsp_lvY^l£6n1uve x ^nw¡lmY\^ x egum{nqpqlmeopfh\eoly_jwp x lmn{<ns]_r\htlm^lvY^<eg~egp:lv^<~uv^U{¶lmeonqp_lvns^llvY\^ªs^Uiont{eoly_jwp x
r\~m^Uumuvh\~v^j"l6lvY\^eop:lv^U~zEjq{^q¨NXn1¢^]_nq~v^±uzr^U{<e¯µ,{£^µ~ullv~jwpuz ns~m]³lmY\^uzytuzlv^<] ns(rjw~vlvekjwi x eo¹^U~v^Upqlmegjsi,^I¬:hj"lmeonqpuegp:lvn
nq~ x egpjs~vy x eo¹>^<~m^<p:lvekjwi¡^I¬qh,j"lvegnsp,uZ¢:y0]1h\iolvegr\igyºlvY^<] £eolvY4lmY\^io^<ôl^<egs^Upfªs^U{lvnq~mu 3
'   )9IK) > >CB D  )9 > > 9FhG -E /
£Y\ek{Y{<jsp¢^eo]_]_^ x egjwlv^<igy0~m^<£~meolzlv^Up 3





Èn"£­ x ^<p\nslvegp\   ­   ­K~m^Uuvr,^I{¶lvegªs^Uioy!lmY\^uzlmjwlv^Uunsp lvY\^4io^<ôl_jsp x ~meoqY:luze x ^nwlmY\^{<nsp:lmjq{¶l x egum{nqpqlmeopfh\eoly¼jwp x
igeop^Ujw~meg´<egp\.-Eq /£e¯lmY4~m^Uuvr^U{¶lZlmn  jsp x   «£^s^<l73




:< = .      )  U   9 D ) Q  UbQ  9FhG.      )  U   9 U ) Q  U Q  9FhG -Es` /
XZY\^Uphuzegp\blvY^Ejs{¶llmYj"l   F   F  jsp xlQ  F Q  F Q "­\£6^s^<l6lmY\^ nsigign"£eop\_^<|fr~v^Iuvuveonqpu ns~  ±jwp xQ  3
:;;;< ;;;=
  F .        D .       .   
 
 D .      U
Q  UbQ 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  
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 D .     





)   U  9.      D .     
-E $/
p x µpjwigigyºlvY^uznqiohtlmeonqpns(lmY\^eg^<]
jwp\p(¸ ur~vnq¢\io^U] ekuZsegªs^<p4¢fy 3
)  B 1   1   95F
:;;;;;;;;;;;;< ;;;;;;;;;;;;=
  eo  B    U    
  eo   U       B   
  eo     B    D    
  eo   D       B
-E % /
XZY\^umjw]_^pfh\]_^U~vek{<jsium{Y\^<]_^£Y\eg{YYjsu¢^<^<pr\~m^Uuv^<p:lv^ x egpuv^U{¶lmeonqpº`¨ {Ujwp¢,^±huv^ x £eolvY0lvY\ekuZeg^<]
jwp\p4uznqioªq^<~I¨°!^
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  : ® ¿  	  ¿   \ ¿ Ä> ¿ s Ã 	
XZY\ekuµ~muzlª"jwige x j"lmeonqplm^Uuzlekuj
nqp\^ x eg]_^<puvegnspegpqlm^<~vEjs{<^1j x ªq^U{lvegnsp¢,^<l£^U^<p£Zj"lm^<~jsp x jweg~U¨XZY\^bulj"lm^igj·£u ns~lmY\^
jseo~jsp x lmY\^£Zj"lv^U~jw~m^qeoªq^<p4¢fy
lvY\^1cflveo¹^Up\^ x ¤5+jsu ns~m]1h\ikj"lmeonqp 3
 Q F)  ? U HJ9E.A?*gL? U  ?

? £e¯lmY  ?%F HJI [jwp x

?%FhG jseo~ )cIYHJ9Q F)   8U HJ9E. 8 g 8%U   8

8 £e¯lmY   8 F []I [jwp x

8 Fh`AIKH G £Zj"lm^<~ )cI V9
XZY\^0io^Up\wlmY!nslmY\^ x nq]
jwegp!eku 
] jwp x egp\e¯ljwigioyWlvY\^0eop:lv^U~zEjq{^_ekuignf{Uj"lm^ x j"l  F GAIW^0]¨4XZY\^º£Zj"lv^U~£e¯lmY x ^<puveoly.08 F H4GJGG &f,¨ ] N  eguignt{<jwlv^ x nqplvY\^1io^<ôl±uve x ^jsp x lvY^jweg~£eolvY.A?F^JG2&f¨ ] N  egunsplmY\^~meoqYqluve x ^s¨ 86nwlmY¥h\e x uYj·ªq^uvjs]_^r\~v^Iuvuvh\~m^ Q F H G  }j
jsp x ªs^Uiont{eolyF H GJGGb]4¨ u N ? jwllveg]b^\¨Z uz]
jsioi(js]_nsh\p:lnwN£Zj"lv^U~- ~m^Uuvr^U{¶lmeoªq^<igy:jsu	/\+8F H G N ±egueop\eolvekjwigigy0r\~m^Uuv^<p:leop4lmY\^qjqu - ~m^Uuvr,^I{¶lvegªs^Uioy0£6jwlv^<~=/6uze x ^q¨¦XZY\^ x ekuv{<~v^<lveg´Ujwlvegnsp4egu x nqp\^nsp Iss{^Uioikuq~ve x jwp x lvY\^Å6½ Wpfh\]¢,^U~eku^U¬:hjwi,lvnb\¨ %\¨KXZY\^~v^Iuzh\iolmu6jw~m^uvY\n"£p0jwlVJVLa®u<¨ÆÇpns~ x ^<~¦lvnb{ns]_rjs~v^lvY\^±~v^Iuzhi¯lu¦£eolvY
lmY\nquv^qeoªq^<p
¢fybjsp\nwlmY\^<~6uzeg]_eoikjw~ x eo¹huv^±eop:lv^U~zEjq{^]_^<lvY\n x ­t½eoqh\~m^ x ekuzrigj·ytuKlmY\^]_eo|flvh\~m^ x ^Upuve¯lyq­qlmY\^r~v^Iuvuvh\~m^s­wlmY\^
ªq^<ignf{<e¯ly_jwp x lvY\^±ªsnqioh]b^ ~mjq{¶lvegnsp_ nq~¦lmY\^r~v^Iuz^Upql6~v^ x h{<^ x ]_n x ^<i¡jwp x jwikuzn nq~¦lmY\^ 'µªq^^U¬:hjwlvegnspt¤Glv~jwp,uzrns~vlK]bn x ^Ui )
ns  I®jwp x  î¨½\ns~6lmY\egu6ikjsuzl6]_n x ^UiD­flmY\^p:h]b^U~vek{<jsi>]b^<lvY\n x huz^ x ekulvY\^nqp\^ x ^Uum{~meo¢^ x eop ·î¨NkplvYeguZuveo]_r\ig^±lv^Uuzl
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    t ¿  Á  ô Ã §  ¿
°!^{nqpuze x ^U~Zj_uvY\nt{	&
lvh¢,^nsnsp^±]_^<lv^<~ig^<pwlvYµigio^ x nsplvY\^ig^ôluve x ^)  PG]IWc09K£e¯lmYjbY\egsY4r\~m^Uumuzh~v^±ioek¬:h\e x £Zj"lm^<~




egp«jr\~v^Iuvuvh\~m^ x egum{nqpqlmeopfh\eolyA¢^l£6^<^Up Q F H4G_}Njegp!lvY\^
igek¬qhe x uve x ^ºjsp xbQ FH G  }Nj4eop!lmY\^
qjquuze x ^s¨ºuegp©lmY\^r\~m^<ªfegnshu¦lv^Iul{<jquz^q­slmY\^±~vegsY:l6jsp x ig^ôl{Yjs]1¢^<~u¦{nqp:lmjwegpºp\^Ijw~mioy_r\h~v^¥h\e x u/3lmY\^±ªsnsigh\]_^ ~js{lvegnspºns¡lvY\^±qjqu¦egpºlmY\^
£Zj"lm^<~{Yjs]1¢^<~eku+(?F H4G N jsp x egp:ªq^<~uz^UioyºlvY\^£Zj"lm^<~ªqnsigh\]_^ ~mjq{¶lmeonqp4eku+8 F H4G N eoplmY\^qjqu{Yjw]¢,^U~U¨Z:jwegp®­£6^{nq]br,jw~m^lmY\^~m^Uuvh\iolmuZnwlvY^r\~m^Uuv^<p:lZµªs^^I¬qh,j"lvegnsp~m^ x h,{^ x ]_n x ^<i(£e¯lmYlmY\nquv^ns¢\lmjwegp\^ x £eolvYlmY\^('µªs^^I¬qh,j"lvegnsp
lm~mjspuzrns~vl¦]_n x ^<i*)nw  I>jsp x  	î¨N½egsh\~m^ x eguvr\ikj·ytuK ns~¦lvY\^l£6n]_n x ^<ikulmY\^]_eo|:lmh\~m^ x ^Upuzeolys­:lmY\^r\~m^Uumuvh\~v^jwp x lmY\^
ªq^<ignf{<e¯lyq¨XZY\^^|\js{luznqioh\lvegnspujw~m^~v^Ur\~v^Iuz^Up:lv^ x nqplvY\^Iuz^b{h\~mªs^Iu¢fyj x nwlvlv^ x ioegp\^q¨XZY\eku{<ns]_r\htlj"lvegnspWhuz^Iuj
]_^IuzY
£eolvY Isq{<^<igiguU­£eolvYWj0Å6½ «pfh\]¢,^U~^U¬:hjsi®lmnº\¨ %
jwp x lmY\^~m^Uuvh\i¯lujw~m^uvY\n"£pj"llveg]_^VV La®u¨ZXZY^~v^Iuzh\iolmu ns~lmY\^
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jwllvY\^1r\Yjsuv^¬:hjwp:lme¯lmeo^Iu. - ­fg - £Y\ek{Y~v^Iuzr^U{lvegªs^<igyuzlmjsp x  ns~lvY\^rYjsuv^ x ^<p,uzeolveg^Uujwp x egp:lv^<~mpjsi®^<p\^U~vqeo^Iu -E{¦½egsh~v^
` /¶¨Æî nq~lmY\^]_eo|flvh\~m^ª"js~vekjw¢\ig^UulvY\^l£6n0]_n x ^<iku±Yj·ªs^lmY\^_uvjs]b^¢,^UYj·ªfeonqh\~I­eolegu±{ig^Ujs~lmYj"ligjs~vq^ x eo¹^U~v^Up{^Iu{<jwp
¢^1p\nslvek{^ x nsplmY\^1r\Y,jsuv^1¬:hjwp:lveolveg^Uu¢^l£6^<^<plmY\^l£6nº]_n x ^<ikuU¨½eopjsioigy4io^<lhu]_^<p:lvegnsplmYj"lnsplmY\egulv^Iul±r\~mns¢\ig^<]­
lmY\^~m^Uuvh\i¯lunsplvY^r\Yjquz^ª"jw~mekjw¢\ig^UuZjw~m^egp4qnfn x jss~m^<^<]_^UpqlZ£eolvYlvYnquv^r\h\¢\igeguvY\^ x  nq~lvY^1uz^Uªs^Up^I¬qh,j"lvegnsp]_n x ^<i(eop
  Nns~±eop  î¨ÆÇp©rjw~vlvek{h\ikjw~I­,lvY\^buzYjs~vrWs~j x eg^<p:legpAlmY\^bjseo~ x ^<p,uzeolyjwp x eop:lv^U~vp,jwi(^Up\^<~msyignt{<j"lm^ x hrulm~v^Ijw] nwlmY\^
{<nsp:lmjq{¶l x ekuv{<nsp:lvegpfh\e¯lyjw~m^±jsiguvnr~v^Iuz^Upqlegp0lmY\^~m^Uuvh\i¯luZns¢tljwegp\^ x £eolvY4lvY\^uv^<ªq^<p4^U¬:hj"lmeonqp]_n x ^UiD¨ -GÅnq]_rjw~m^½egsh~v^




























5 Eq. Reduc (air)




























5 Eq. Trans (air)


























5 Eq. Reduc (air)


























5 Eq. Trans (air)
5 Eq. Trans (water)
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kh\~buz^I{nqp x uz^U~veg^Uu1nwpfh\]_^<~meg{Ujwi^|tr,^U~veg]_^<p:lmu x ^Ujsigu1£e¯lmY«l£6nw¤îr\Yjsuv^_¥n"£ jwp x {nsp,uze x ^<~1r\~vnq¢\ig^<]
u£Y\^U~v^ºlvY\^0l£n
r\Y,jsuv^UuZjw~m^±uveg]1h\iolmjsp\^<nqhuzigy
r\~m^Uuv^<p:lj"l6lvY\^umjw]_^±iont{Uj"lvegnsp(¨NXZY^µ,~muzl^|tr,^U~veg]_^<p:l{nsp,uze x ^<~ulvY\^umjw]_^r\~mns¢\ig^<] lmYjwp
egp!uv^U{lvegnsp $\¨q¨ º^|\{^Urtl±lvYjwllmY\^_ªsnsigh\]_^ ~js{lvegnspAeku{nqpuljwp:ljwp x ^I¬:hjwilvn +(? F GAIW^
^<ªq^<~myf£Y\^<~m^egpAlvY^ x ns]
jwegp®¨kplmY\^bio^<ôluve x ^w)  GAIW^09lvY\^br\~m^Uumuzh~v^ekulH G}Njº£Y\egio^e¯leku^I¬qh,jwilvn H4G  }j0nsplmY\^b~vegsY:luve x ^s¨XZY\^ªq^<ignt{eolyeku´U^<~mn4jwl±lmeo]_^º¨bqjwegpAlmY\^ x ekuv{<~v^<lveg´Uj"lmeonqpWeku x nsp^bnqp!j Iss{^Uioiku±s~me x jwp x lvY^ºÅ6½  pfh\]1¢^<~eku±µ\|t^ x jwp x ^I¬qh,jwi
lmnW\¨ %\¨XZY\^º~m^Uuvh\iolmujw~m^ºuzY\n"£p«jwllveg]_^bVLGGLa®u¶¨°!^0{<ns]_rjw~m^
egp ½egsh~v^ $lvY\^Iuz^º~m^Uuvh\iolmu£eolvY lvY\n:uz^ºnq¢tlmjseop^ x ¢fy
lmY\^uz^Uªs^<p§^U¬:hjwlvegnsp ]_n x ^<ins  G¨ XZY\^4p:h]b^U~vek{<jsi]_^<lvY\n x huz^ x lmn!uvnsigªs^0lvY\^uv^<ªs^Up ^I¬qh,j"lvegnsp ]bn x ^UiegulmY\^nsp\^




{<ns]_r,n:uzeolvegnspnslmY\^]_e¯|flmh\~v^1egu{<nspuzlmjsp:lU­\eol^<ªqnsigªs^IuZeopAuvrjs{<^jwp x lmeo]_^1jsp x lvYjwllvY\eku^Uªsnsightlmeonqp4ekuZlmY\^1umjw]_^eoplmY\^





































































































































































































½egsh\~m^/$ 3 1 ¿" t Ã 	  ¿ Ä ¿ Ä  Ã Ä ¿ & "& ¿#    	 Ä  ¿ (t Ã 	  Ã Ä ¿ & Ç ;   	  ¿  ·U1 Â1ÃÁ ( \ ¿  ÃfÂ
( Ã & ¿  








   ¿  Ã 	 ÄS ÂÃ\Á (*\ ¿  ÃfÂ (  Ã & ¿ 
XZY\^uvjs]b^1r\~vnq¢\ig^<] lmYjwpr~v^Uª:egnsh,uzigy0ekup\n"£ {nqpuve x ^U~v^ x ^|\{^UrtllvY,j"l£6^jwigign"£ jº{Y,jwp\q^eoplmY\^1{nq]_r,n:uzeolvegnspnslmY\^
]_eo|:lmh\~m^s¨ °©^jwikuvn©{Yjsp\s^lvY\^egp\eolvekjwi x ^Upuzeoly nslvY\^:jsu1 ns~y. ? F H%&f¨ ] N  ¨ XZY\^eope¯lmegjsi{nsp x e¯lmeonqpu_jw~m^0lmYfhu. ? FH &f¨ ] N  ­A. 8 F H GGJG&:,¨ ] N  ­  FhGb]4¨ u N ? ^<ªq^<~myf£Y\^<~m^egplvY\^ x nq]
jwegp£Y\egig^ 3 Q FeH4G}Nj e¯ |  GAIdc Q FeH4G  }Nj nwlmY\^<~m£ekuz^+5?%FhGAIWV e¯ |  GAIdc +5?F GAI  nwlmY\^<~m£ekuz^
XZY\^!~m^Uuvh\i¯lujs~v^©uzY\n"£p j"l0lmeo]_^rVLGGLa®u-D{¶½egsh\~m^ % /¶¨ XZY\^©r~v^Iuvuvh\~m^Wjwp x ªs^<ignt{eoly {<h\~mªs^Uu{nq]brhtlv^ x £eolvY lmY\^
l£6n]_n x ^Uigujs~v^e x ^Up:lvek{<jwiK¢htl£^bp\nwlmeg{<^
uznq]b^ x eo¹^U~v^Up{^Iu±¢,^<l£^U^<p©lvY\^_~m^Uuvh\i¯lu±ns¢tljwegp\^ x £e¯lmYWlmY\^bl£n4]_n x ^<ikueop
lmY\^
ªsnqioh\]_^b ~js{¶lmeonqp©jsp x ]beo|flvh\~m^ x ^<p,uzeolyAr\~mnwµig^UuU¨bÆÇp!r,jw~vlvek{h\ikjw~I­>lvY\^
rnquzlz¤ÇuvY\nt{	&ª·jsioh^UunwlvY\^
]_eo|flvh\~m^ x ^<puveoly
jsp x ªsnsigh\]_^4 ~mjq{¶lmeonqp js~v^p\nsl
lvY\^Aumjw]_^jwp x lmY\^Auz^Uªs^Up§^I¬qh,j"lvegnsp ]_n x ^<iuvY\n"£u
jsp§n:uv{<eoigigjwlvegnsp p\^Ujs~_lvY\^A{<nsp:lmjq{¶l
x ekum{nsp:lmeopfh\eoly©´Unsp\^q¨W6llmY\^0r\~m^Uuv^<p:llmeo]_^q­NlvY\^Iuz^ x e¯¹>^<~m^<p,{^Uu1~v^U]
jwegpuh\p^|tr\ikjwegpjw¢\ig^s¨A½h\~vlvY\^U~1^|tr^<~meo]_^Upqlu x nqp\^
¢fy{Y,jwp\qeop\blmY\^~m^<ikj"|\j"lmeonqp0r\~mnt{^ x h\~v^IuZns~ZlmY\^Yfyfr,^U~v¢nsigeg{uvnsigªs^U~eop4lvY^pfh\]_^<~meg{Ujwi®uvnsightlvegnspnwlvY^uz^Uªs^<p^I¬qh,j"lvegnsp
]_n x ^<i x n
p\nsl{Yjwp\q^±lvY\^~m^Uuvh\iolmujsp x lvY\^U~v^< ns~m^s­\eoluv^<^<]
u6lmYj"llmY\^Uuv^ ^Ujwlvh\~m^Uujw~m^±pnwlpfh\]_^<~meg{Ujwi(js~zlme¯Ejq{¶luZ¢\htljs~v^
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   > Ã ! ( Ã (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 Ã 	  	  Ã & Ä & & ÃfÀ 
°!^pn"£ ^Uª"jwighj"lm^lvY\^b]_n x ^<iN{<jsrjw¢\egige¯lmeo^Iu ns~lvY\^_{nq]_r\htlmjwlvegnspns¦uzY\nt{	&4£6j·ªq^UuegpWjºl£ns¤Gr\Y,jsuv^]beo|flvh\~m^ nq~jºlv^Uuzl
r\~mns¢io^U]³egp:ªqnsigªfeop\uzlv~mnsp\uvY\nt{	&fuU¨XZYeguNlyfr^nw>^|tr^<~meo]_^<p:lKekuKrjw~vlvek{higjs~vigyeg]brns~vlmjsp:lNeo¡nsp\^Z£Zjwp:lNlvnhuv^ZlvY^]bn x ^Ui
egp  ±X-uzlvh x eo^Iu<¨
i¯lmY\nsh\4lmY\^
]_n x ^<i x nf^Uupnwlj x ]_eol1jº hioi¦uv^lns6jsp7&feop^¤Çh\qnsp\egnwl~v^Uigjwlvegnspu±eolegurnqumuzeg¢\ig^blvn
uvnsigªs^ZlmY\^^U¬:hjwlvegnspueopºjspbhpulm^Uj x y~m^<qeo]_^jwp x lvn x ^<lv^U~v]_egp\^jpfh\]_^<~meg{Ujwitªq^<ignf{<e¯lynw>lvY^uzYnf{	&>¨NXZY\ekuK£eoigi¢^ x nqp\^
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ÆÇpnq~ x ^U~lvn
^Uª"jwighj"lm^lvY\^1{<ns]_r\htlm^ x ~m^Uuvh\iolmuU­£6^£eoigi{<ns]_rjw~m^±lvY\^U]*£e¯lmYlvY\n:uz^nq¢tlmjseop\^ x £e¯lmYlvY\^uz^Uªs^<p^I¬qh,j"lvegnsp
]_n x ^<i,jwp x £e¯lmY_^|tr,^U~veg]_^<p:lmjsi x j"lj\¨N{¶lmhjwigioyq­" ns~K]
jsp:y1]_jwlv^U~vekjwiG­"lvY^~v^Uigjwlvegnsp1¢^l£6^<^Up1lmY\^uvY\nt{	&ªs^Uiont{eolyjwp x lmY\^
eg]_rjs{l6ªq^<ignf{<e¯ly_ekuZjigeop\^Ijw~6~v^Uigjwlvegnsp®­fegp:lv~meopuvek{<jwigigy_{Y,jw~js{¶lm^<~meguzlvek{Znw(lvY\^±]
j"lv^U~vekjwi>jwp x ^|tr^<~meo]_^Upqljwigioy x ^<lv^U~v]_egp\^ x 3
  F
   D |   -Eq /
£Y\^U~v^
   egulmY\^]
j"lv^U~vekjwifuvnsh\p x uvr,^U^ x h\p x ^U~j"lv]_n:uzr\Y^<~meg{{nsp x e¯lmeonqpuU­   lvY\^uvY\nt{	&ªs^Uiont{eolys­  lvY^6eg]_rjs{lKªs^<ignt{eolyjsp x |1egu±j x eg]_^<puveonqp\ig^Uumu{nqpuzlmjwp:lI¨XZY\^1~m^<ikj"lmeonqp -Ds /eku^|tr^<~meo]_^Upqljwigioyj·ª"jwegigjs¢\ig^ ns~uvns]_^1jsioign"ytu<¨^<~m^s­£^1£eoigi
{<nspuve x ^<~jwp4^<rn·|ty 2 uvr\eop^<i¡jwigion"yq¨KXZY\^^U¬:hjwlvegnsp4nwuzlmjwlv^nwlvY^l£n_r\Yjquz^IuZjw~m^±~m^Uuvr^U{¶lmeoªq^<igy0{Y\nfnquv^<p4jsu43
 Q F)   ?U HL9,. ? g ?U   ?

? £e¯lmY . ? F HJH ^ &f,¨ ] N    ? F VI L[jsp x  ? FhZAIWVIKH G ^Ur,n·|ty )AIKHL9Q F)  8 U HL9,.8 g68 U  08

8 £e¯lmY .08FhZJ`VV &f,¨ ] N   8 FHJI `V jsp x  8F H []HIYH4G uvr\egp\^<i )AIWV09
86y1{<ns]_r\htlmeop\uv^<ªq^<~jwi:h\puzlv^Uj x yr\~mns¢io^U]_u£eolvYbª"jw~megjs¢\io^6eg]br,js{¶lKªq^<ignf{<e¯lyq­w£6^£egioit¢^jw¢io^lvnpfh\]_^<~meg{Ujwigioy x ^lv^U~v]_egp\^
lmY\^{<h\~vªq^-Eq /jsp x lvn!{nq]br,jw~m^
e¯lb£e¯lmY«lvY\^0^|tr,^U~veg]_^<p:lmjsi x jwlmj¨A½egsh~v^0 x eorigj·ytulmY\^0~m^Uuvh\iolmuj"l x eo¹>^<~m^<p:l1lmeo]_^
 
ZGA1`JG_jsp x JGya®uegpAjº{<ns]_r\htlj"lvegnsp£Y\^U~v^lmY\^eg]_rjs{lªs^Uiont{eoly0eku   FZGJGJGb] 2 ujwp x lmY\^r\~mnsrns~vlvegnsp4nwK^<rn·|ty
eku+ ? FG]I ^^\¨6cf^Uªs^<~jwi{ns]_r\h\lmj"lmeonqpunslmY\ekulyfr^segªs^lmY\^~m^Uuvh\i¯luuvY\n"£peopA½egsh\~m^ 0\¨ioilvY\^{ns]_r\h\lmj"lmeonqpuhuv^
j Uqs{^<igikuZs~me x jwp x lvY\^Å6½ !pfh\]1¢^<~ekuZ^U¬:hjsilvn
\¨ %\¨N°!^±pnwlvek{^jbªs^U~vy
qnfn x jwq~v^U^<]_^<p:lZ£e¯lmY0lmY\^^|tr^<~meo]_^<p:ljwi
x jwlmj¨¦ÆÇpAj xx e¯lmeonqp®­\£6^jwikuzn
uvY\n"£ eop½eoqh\~m^ 0blvY\^~m^Uuvh\iolmunq¢tlmjseop^ x £e¯lmY4lvY\^1uv^<ªq^<p^U¬:hjwlvegnsp]_n x ^<iG¨¦°!^p\nslv^lvY,j"l
lmY\^r\~m^Uuv^<p:l~v^Iuzh\iolmujs~v^ns{nq]_rjw~jw¢\ig^js{<{<h\~js{y
£eolvY4lmY\nquv^ns¢tljwegp\^ x ¢fyºlvYegu]_n x ^UiD¨
898 Ü:7;!<=<ó
s   



























5 Eq. Reduc (epoxy)


























5 Eq. Reduc (epoxy)
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Material Velocity Up (m/s)
5 Eq. Reduc (Epoxy/Spinel)
7 Eq. Model (Epoxy/Spinel)
Experimental (Epoxy/Spinel)
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°!^^Up x lmY\^Uuv^uv^<~meo^Iunspfh\]_^<~meg{Ujwi(^<|tr,^U~veg]_^<p:lmu¢fyuvns]_^~m^<ig^<ª"jspqll£ns¤ x eg]_^<puvegnspjsi®lv^Iulv¤î{Ujsuv^UuU¨XZY\^Iuz^igjqul±^|tr,^U~veo¤
]_^<p:lujw~m^{nq]_r\htlv^ x £eolvYjbuz^I{nsp x ns~ x ^<~.4±cÅ ©lv^U{Yp\eg¬:h\^± nq~¦lmY\^uzrjq{^ x ekuv{<~v^<lveg´Uj"lmeonqp®¨NXZY\^±lveg]b^um{Y\^<]_^±huv^Uu
lmY\^uz^I{nqp x nq~ x ^<~I­qlmY\~m^<^uzlmjwq^±X ./³hp\s^<¤ htlvlmj x ekuv{<~v^<lveg´Uj"lmeonqp x ^Uum{~meo¢^ x eop $î¨
1 
  
   ô"<_ Â1Ã Ä*  ¿ 	  Ã 	  &¦ ¿ U & ¿ Ä Ã (







nw H4G N 8 egp¼lvY^0{nqh\~muv^_nw6lvY\^{ns]_r\h\lmj"lmeonqp /¶¨XZY\ekueku ns~lvY\ekulm^Uuzlz¤Ç{<jsuv^_lvY,j"l1£6^
Yj x lmnA¢\h\egi x lmY\^jq{nsh,ulmeg{eo^U]
jwp\p uvnsigªs^U~ x ^Iuv{<~veg¢,^ x egp uz^I{¶lmeonqp `¨ \¨!XZY\^0¢n·|!ekubnsp\^0]b^<lv^U~ikjw~ms^0jsp x l£6nA]_^lm^<~u1Y\egsY§jwp x lmY\^
]_^UuvYSegu
{<ns]_rnquv^ x ns7$sA| Us©rnsegpqlu<¨SÆÇp§lvY\ekuº{<ns]_r\htlj"lvegnsp(­lvY^©Å6½ pfh\]¢,^U~
£6jqu^I¬:hjwiZlmn¼¨ ¨ ½egsh\~m^ 
uvY\n"£u6lvY^eguvn"ª"jwigh\^Uu6nslmY\^ªsnqioh]b^± ~js{lvegnspj"l x eo¹>^<~m^<p:llveg]_^UuU¨¦iolvY\nqh\sYjspjq{<{<h\~mjwlv^uveo]h\igjwlvegnsp4nwlvY\ekur~vnq¢\io^U]
£6nsh\i x ~m^U¬:h\eg~m^j1µp\^<~Z]_^UuvY - ns~jspj x jwrtlmeoªq^r\~mnt{^ x h\~v^lvnb nsigign"£SlvY\^egpqlm^<~vEjs{<^/lvY\^±~v^Iuzhi¯lu6js~v^±ªs^U~vy_r\~mns]_ekuzegp\,¨ÆÇp
rjs~zlmeg{<h\ikjw~I­lmY\^pfh\]_^U~vek{<jsi x eo¹>huzegnsp x n0pnwlr\~v^Uªs^UpqllvY\^ x ^<ªq^<ignsr\r^<]_^Upql±nw¦egp:lv^U~zEjq{^1egpuzlmjs¢\eoigeolveg^Uu±jwp x lvY\^bªsnqioh\]_^
 ~js{lvegnsp4~v^U]_jseop,uZ¢,nqh\p x ^ x ¨
γ = 1.4
u = 0
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 =,
TIME = 0s
ALPHA,  MIN = 1e-08,  MAX = 1-1e-08
TIME = 0.1s
ALPHA,  MIN = 9.56116e-09,  MAX = 0.999984
TIME = 0.15s
ALPHA,  MIN = 9.39081e-09,  MAX = 0.998144
TIME = 0.2s
ALPHA,  MIN = 8.76456e-09,  MAX = 0.976372
TIME = 0.3s
ALPHA,  MIN = 9.38467e-09,  MAX = 0.84449
TIME = 0.4s
ALPHA,  MIN = 8.95337e-09,  MAX = 0.655994
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egp4j_uvY\^<igi>nw x ^<puv^nsp\^q¨KXZY\egu6lm^Uuzl{<jsuv^±Yjsu6¢^<^<p4egp\e¯lmegjsioigy0{<nspuve x ^<~m^ x egp ·G¨\kp4½eoqh\~v^ I\­f£^r\~m^Uuv^<p:l6lvY\^egp\e¯lmegjsi
{<nsp x eolvegnsp,uns(lmY\^r\~vnq¢\ig^<]¨KXZY\^]b^IuzY4{nqpqljwegpu6`qq|0`:spn x ^UuZjwp x lvY^Å6½ ©pfh\]1¢^<~eku6^U¬:hjwilmn_¨ ¨KXZY\^]_^IuzY
eku~v^Ush\ikjw~I¨7h^lmn4lvY\^ x ekuv{<~v^<lveg´UjwlvegnspAns¦lvY^b{<eo~{h\ikjw~±egpqlm^<~vEjs{<^UuU­¡eop¼j x\x e¯lmeonqpAlvnlvY^ x ^<ªs^Uionqr\]_^<p:lnwuvY\nt{	&£6j·ªq^Uu
egp0lmY\^ x eo~m^U{lvegnspp\ns~m]








x ^Uªs^Uionqr,^U]b^Up:l6ns(lvY^Uuv^±egpuzlmjs¢\eoigeolveg^UuU­tr\~vn x h,{egp\bjsp0egp:lv^<p,uz^±]_e¯|tegp\_nw®lmY\^Y\^Uj·ªfy
jwp x igeoqY:l¥he x p\^Ujs~6lvY\^egpqlm^<~vEjs{<^s¨




























ALPHA,  MIN = 1e-08,  MAX = 1-1e-08
TIME = 1.58ms
ALPHA,  MIN = 1.72994e-08,  MAX = 1-1e-08
TIME = 2.63ms
ALPHA,  MIN = 1.86011e-08,  MAX = 1-1e-08
TIME = 2.63ms




    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     .
 =,
   16U	0'1
°!^Y,j·ªs^ x ^<~meoªq^ x j1µªs^^U¬:hj"lmeonqpº~m^ x h{<^ x ]_n x ^Ui, ~mns] jsp0jsuvyf]br\lvnwlmeg{jwpjsioytuveguegp
lvY\^±igeo]_eolZns®´<^U~vn~v^Uigjw|tjwlvegnsp_lmeo]_^





¢,^U^<p«jwpjsioyf´U^ x jwp x uvY\n"£p!lvn¢^ºªs^U~vy©{ignquv^lmnlvY^ºulm~vh{lvh\~m^
nw
lmY\^
Kh\ig^<~^U¬:hjwlvegnspu±ns¦¥h\e x!x yfpjw]_ek{<uU¨XZY\eku±]bn x ^UiKr\~m^Uuv^<p:lmujwp!egpqlm^<~m^Uuzlvegp\jwiolv^<~mpjwlvegªs^lmn4lvY\^_huv^ns¦lmY\^
uz^Uªs^<p
^I¬qh,j"lvegnsp]_n x ^<i 3(eolNeguK{Y\^Ijwr^<~I­"uzeg]_r\io^U~lvneo]_r\ig^<]_^Upqljsp x eku^Ujsuvegioy^<|:lm^<puveg¢\io^lvnjwp_jw~m¢\eolv~jw~mypfh\]¢,^U~Nnw]
j"lm^<~megjsiguU¨
½ns~egpuzlmjwp,{^s­eop!lmY\~v^U^ x eo]_^Upuzegnsp,u<­( ns~1j4pfh\]1¢^<~Wns x eo¹>^<~m^<p:l]
j"lv^U~vekjwiG­®lmY\^_l£6n4ªq^<ignt{eolys­¡l£6nr\~m^Uumuzh\~m^b]bn x ^Ui
huv^Uu%` U Hª"jw~megjs¢\ig^UuZ£Y\egio^±lmY\^~v^ x h{<^ x ]_n x ^<i¡£egioi®h,uz^nspioy VJ D Z_ª"jw~mekjw¢\ig^UuU¨



















 ¨¢s~jwigi¦jwp x ¨Nctjsh\~m^<iG¨4 h\iolvegr\Yjsuv^ +±n x h\pn"ª!^<lvY\n x  nq~bÅns]_r\~m^Uumuzeg¢\ig^0h\iolveo¥h\e x jwp x h\iolvegr\Yjsuv^
½ign"£u<¨ 
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